Background. To compare the salvage rate and complication between internal fixation and external fixation in patients with small bone defects caused by chronic infectious osteomyelitis debridement. Methods. 125 patients with chronic infectious osteomyelitis of tibia fracture who underwent multiple irrigation, debridement procedure, and local/systemic antibiotics were enrolled. Bone defects, which were less than 4 cm, were treated with bone grafting using either internal fixation or monolateral external fixation. 12-month follow-up was conducted with an interval of 3 months to evaluate union of bone defect. Results. Patients who underwent monolateral external fixation had higher body mass index and fasting blood glucose, longer time since injury, and larger bone defect compared with internal fixation. No significant difference was observed in incidence of complications (23.5% versus 19.3%), surgery time (156 ± 23 minutes versus 162 ± 21 minutes), and time to union (11.1 ± 3.0 months versus 10.9 ± 3.1 months) between external fixation and internal fixation. Internal fixation had no significant influence on the occurrence of postoperation complications after multivariate adjustment when compared with external fixation. Furthermore, patients who underwent internal fixation experienced higher level of daily living scales and lower level of anxiety. Conclusions. It was relatively safe to use internal fixation for stabilization in osteomyelitis patients whose bone defects were less than 4 cm and infection was well controlled.
Introduction
Chronic infectious osteomyelitis is one of the most challenging conditions an orthopaedic surgeon should be faced [1] and is closely associated with bone loss and soft tissue defect [2] . In order to remove all necrotic and infected bone, aggressive skeletal debridement is usually conducted, which often results in significant segmental defects and requires complicated reconstruction [3] . Hence, bone reconstruction and bone fragment stabilization are needed [4] . Bone grafting is the most common technique for the reconstruction of bone defect [5] . Specialized reconstructive procedures, such as Ilizarov technique [6] and induced membrane technique [7] are widely used in recent years. Furthermore, adjuvant therapy, such as bony defect fillers and antibiotic vectors, would be used during surgery [8, 9] .
Surgeons tended to use reconstruction through bony arthrodesis as a reconstructive alternative to amputation, which consists of external fixation and internal fixation. Surgeons prefer to use external fixation over internal fixation when performing fusions [10, 11] . The controversy about internal fixation lies in that implanted hardware may incur recurrent infection and untimely hardware failure due to poor bone condition in the position of injury because of prior infection and multiple debridement procedures [12, 13] . However, external fixation can lead to a time-dependent incidence of complications, such as pin-tract infection, joint stiffness, and soft tissue irritation [14] . Moreover, external fixators 2 BioMed Research International are cumbersome for patients [15] and it needs consistent maintenance, which can be problematic in a population of noncompliant patients [16] .
When selecting suitable procedures for bone grafting with chronic infectious osteomyelitis patients, surgeons should take into account the strength and weakness of each method. There have been series of studies comparing the advantage between internal fixation and external fixation in noninfected tibia nonunion patients [17] [18] [19] . However, in the case of chronic infectious osteomyelitis, few studies were conducted.
Hence, this study aimed to compare the salvage rate and related complications between internal fixation and external fixation with bone grafting in patients who had been controlled from active infection by treating with intravenous antibiotics and multiple debridement.
Material and Methods

Subjects.
In this study, 125 patients with tibia bone defect caused by osteomyelitis were collected and retrospectively reviewed between January 2008 and December 2015. The diagnosis of osteomyelitis and infected nonunion was based on the standard published by the American Academy of Orthopaedic Surgeons [20] , which included clinical symptoms, laboratory tests, imaging manifestations, and culture of specimens. Patients who had bone nonunion caused by chronic osteomyelitis for at least 3 months were enrolled in the present study. The exclusion criteria were as follows: patients suffering from pathologic fracture initially; patients whose bone defect was larger than 4 cm after debridement, which was not suitable for bone grafting according to the consensus published by Chinese Association of Orthopaedic Surgeons (CAOS) in 2016 [21] ; patients whose surface skin was not integrity; patients who had persistent infection after debridement and antibiotic therapy; patients who had poor compliance. The selection of patients was briefly introduced in a flow chart ( Figure S1 ). Informed consent was obtained from each patient and the privacy rights of patients were always observed. The study protocol of our research conformed to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in approval by the local ethical committee.
Operation Procedure.
All patients with chorionic osteomyelitis were underwent a staged operation procedure.
In the first stage, debridement was conducted. Radical debridement was conducted in all nonviable and infected tissues and the debridement proceeded until bleeding and viable bone (characterized by "paprika sign") were present at the resection margins. Specimens of bone and purulent fluid were sent for aerobic and anaerobic cultures. Also, in order to rule out malignant changes, bone specimens were also sent for pathologic examination. In the end, the wound was irrigated with a copious amount of saline.
In the second stage, skeletal stabilization and antibiotic therapy were conducted. After radical debridement, bone defect was presented and skeletal stabilization was needed. An external fixator was applied to stabilize the bone defect, which was also necessary for controlling infection. Antibiotic therapy was conducted to control infection. Initially, antibiotic therapy which covered the most common pathogens was used. After the culture and sensitivity results were available, antibiotic regimen which specifically manages the infecting organism was applied instead. Intravenous and oral antibiotics were administered for 4 to 6 weeks. The status of infection was checked by clinical symptoms (swelling, hot, pain, redness, and so on), blood tests (C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), white blood cells (WBC), and procalcitonin (PCT)), bone biopsy, and imaging manifestations (X-rays). No further construction was conducted when an active infection was presented.
After well controlling of infection, bone grafting was used to construct bone defect. The autogenous cancellous bone was harvested from iliac crest (bilateral or monolateral) and placed at defect site. Afterwards, either internal fixation or external fixation were used for skeletal stabilization. The selection of external or internal fixation for patients was based on patients' needs, wishes, and financial condition. The whole surgery procedure followed the consensus published by the American Academy of Orthopaedic Surgeons [20] . The limb was elevated after surgery and sutures were removed 2-3 weeks later. The short-term nonweight bearing exercise began on the second postoperative day on bed. The toe-touch weight bearing with the aid of two crutches began when osteotylus was shown in imaging manifestation and lasted 4-6 weeks, followed by increments to gradually achieve full weight bearing within 3 months.
Collection of Clinical Data.
Baseline data consists of demographics, initial fracture pattern, method of initial fixation, time to graft after the first procedure, surgery time, donor site, length of bone defect, body mass index (BMI), blood albumin, fasting blood glucose (FBG), total cholesterol, triglyceride, and low density lipoprotein (LDL). Imaging data included plain radiographs and a CT scan of the affected limb. Each patient was evaluated prospectively by two surgeons.
Bone consolidation was followed up at 1.5, 3, 6, 9, and 12 months after operation and estimated using X-ray analysis. The rate of salvage, time to final union, and the occurrence of complications were collected. Clinical union was identified as full weight bearing without pain and radiological union as the presence of a bridging callous of two cortices visible on two X-ray views (evidence of the presence of bone healing by A-P plain and lateral view) [22] . Functional results and the complications were evaluated according to the criteria described by Paley and Maar [23] . Activity of daily living scale (ADL) (total score less than 16 was defined as normal function and total score between 16 and 22 was defined as early loss function) and Self-Rating Anxiety Scale (SAS) (total score between 50 and 60 was defined as mild anxiety and total score between 61 and 70 was defined as moderate anxiety while total score more than 70 was defined as severe anxiety) were assessed in follow-up.
Statistical Analysis.
All data were processed by SPSS (22.0, USA). Data were presented as median and interquartile range (IQR) for continuous variables and percentages for dichotomous variables. Mann-Whitney test was used for 
Results
Clinical Characteristics of Patients in Baseline.
A total of 125 patients were included in the present study. The median age was 43.1 years old with 67.2 percentage of male patients. Among them, 41 patients experienced more than 2 operations (including the original surgery for fracture) before the surgery. Patients were divided into internal fixation group and external fixation group according to the standard treatment protocol of senior professor as well as patients' willingness and wishes. The distribution of organisms in the initial irrigation and the improvement of CRP, ESR, WBC, and PCT were shown in Table 1 . There were 57 patients who underwent internal fixation while 68 patients underwent external fixation. There was no difference on age, gender, type of initial fracture, and the methods of skeletal stabilization when admitted to our hospital (Table 2) Table 2) .
Salvage Rate and Related Complications in Follow-Up between Groups.
Patients were followed up and assessed at 1.5, 3, 6, 9, and 12 months after operation.
In internal fixation group, 4 patients experienced infection recurrence (7%) and one of them chose amputation because of economic burden and intolerance of long-time treatment. One patient got refracture (1.8%) without infection after 7 months and we conducted another open reduction and internal fixation, which healed 6 months after second operation. Six patients went on to nonunion (10.5%) in 12-month follow-up. Among them, two underwent amputation and another one died at 2 months because of cardiovascular disorder. Patients had a median union time of 10.6 months and the salvage rate was 94.7%. The ratio of satisfactory functional status was 75.4% (Table 3 ). Figure 1 presents the follow-up X-ray images of a patient who underwent bone grafting with internal fixation.
In external fixation group, 6 patients experienced infection recurrence (8.8%) and all patients underwent a second bone graft with external fixation after sufficient irrigation and debridement procedures. Ten patients went on to nonunion (14.7%) and, among them, three underwent amputation while the rest underwent a second operation. Patients had a median union time of 10.4 months and the salvage rate was 95.6%. The ratio of satisfactory functional status was 78% (Table 3 ). Figure 2 presents the follow-up X-ray images of a patient undergoing bone grafting with external fixation.
In ADL assessment, patients in internal fixation groups had 80.7% subjects with normal function while there was only 52.9% subjects in external fixation group. In SAS assessment, the proportions of mild anxiety, moderate anxiety, and severe anxiety were 38.6%, 57.9%, and 3.5% in internal fixation group and 19.0%, 70.6%, and 10.4% in external fixation group. Patients in internal fixation had lower anxiety level compared with external fixation (Table 4) . 
Logistic Analysis of Risk Factors Related to the Outcome of Reconstruction.
In order to investigate whether internal or external fixation following bone grafting had a better outcome of reconstruction, a multivariate logistic analysis was conducted. As shown in Table 5 , internal fixation had no significant influence on the occurrence of postoperation complications. Similar results were found in the salvage and satisfactory functional status (Table 5 ).
Discussion
In present retrospective cohort study, the efficiency of two reconstruction methods, namely, internal fixation and external fixation, was compared. Patients in external group suffered longer time from injury, larger bone defect, higher body mass index, and higher level of fasting blood glucose and total cholesterol. Internal and external fixation had BioMed Research International 5 
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Internal fixation for a bone grafting External fixation for a bone grafting similar rate of salvage, satisfactory functional status, and complications. There was no significant influence of internal fixation on the occurrence of postoperation complications after multivariate logistic analysis. Meanwhile, patients who underwent internal fixation experienced higher level of daily living scales and lower level of anxiety.
By using wide resection of infected bone, the odds of relapse-free periods in patients with chronic infectious osteomyelitis are improved prominently, but segmental bone defects occurred in aggressive debridement concomitantly. Autogenous bone graft commonly recognized the effective managements in bony defects and fractures with severe [24, 25] . The iliac crest is the most common source as its richness in progenitor cells and growth factors as well as limited morbidity for donor site [26] . In present study, autogenous bone graft from iliac crest was used, which was contributed to the relatively high salvage rate and efficiency. Autogenous bone graft from iliac crest is effective solution for bone defect in tibia but the size of critical bone defect is limited. As recommended by Chinese Association of Orthopaedic Surgeons (CAOS) in 2016 [1] , bone defect less than 4 cm was suitable for merely management with autologous cancellous grafting. If the bone defect was larger than 4 cm, specialized reconstruction technique, such as induced membrane (Masquelet) technique, would be suggested. In Masquelet technique, the key step was the application of PMMA and induction of membrane [27] . The involvement of complex construction technique, such as Masquelet technique and Ilizarov technique, made it hard to simply compare the role of fixation because those complex techniques had several key steps which will influence the outcome of construction. In the present study, only patients whose bone defect is less than 4 cm were included, making it easy to compare the role of fixation in the reconstruction of bone defect. We found no significant influence of internal fixation on the occurrence of postoperation complications when compared with external fixation.
Regarded to the way of fixation, external fixation is preferred rather than internal fixation in bone defect fixing or ankle fusing [28] . External fixation had the advantages in getting stable fixation regardless of the position of trauma or infection as well as avoiding dissection through poor soft tissue [29] . Internal fixation methods often required surgical exposure through an invasive technically demanding procedure and had more chance to incur recurrent infection [30] . However, recent studies revealed that there was no difference between external and internal fixation in the reconstruction of bone defect. Moore et al. showed that both external fixation and internal fixation achieved similar rates of limb salvage and final functional status in these patients, as well as similar rates of infection clearance and bony union [31] . Recent meta-analysis compared the postoperative complications between internal fixation and external fixation and found no significant differences in bone healing complications, nonunion, malunion, or delayed union [32] . In present study, no difference was found between external fixation and internal fixation in the ratio of salvage and occurrence of postoperative complications under the circumstance of good control of active infection. Furthermore, patients underwent internal fixation experienced higher level of daily living scales and lower level of anxiety assessed by ADL and SAS questionnaires.
In present study, the baseline characteristics of patients in two groups are similar, making the result comparable and accurate. However, in the present study, only patients whose bone defect less than 4 cm were enrolled, which inevitably made selection bias. However, since the construction techniques were complex and had several key steps for bone defects more than 4 cm, it is very hard to investigate the role of fixation on the outcome with the existed vital influences and limited sample size at present. We will enlarge our sample size of patients whose bone defect more than 4 cm in further study. Also, the follow-up time is relatively short and the data concerning long-time follow-up was difficult to collect; further cohort studies were needed. Furthermore, the surgical protocols may be unfamiliar in western practice. However, in Chinese patients who had bone defects less than 4 cm and controlled infection, both internal and external fixation following autogenous bone graft had good outcomes. This protocol can be considered as alternative form of management for patients with osteomyelitis in western world.
Conclusion
In conclusion, we explored the efficiency of external and internal fixation in reconstruction of bone defect caused by debridement in Chinese patients and found no difference between two groups under the circumstance of complete control of active infection. Patients who underwent internal fixation experienced higher level of daily living scales and lower level of anxiety. It was relatively safe to use internal fixation for stabilization in osteomyelitis patients whose bone defects were less than 4 cm and infection was well controlled.
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